STUDIES ON ANTIBODY PRODUCTION : X. MODE OF FORMATION OF PLASMOCYTES IN CELL TRANSFER EXPERIMENTS by Sainte-Marie, Guy & Coons, Albert H.
STUDIES  ON  ANTIBODY  PRODUCTION 
X. I~IODE OF FORMATION OF PLASMOCYTES  IN CELL 
TRANSFER  EXPERIMENTS* 
BY GUY SAINTE-MARIE, t  M.D.,  AND ALBERT  H. COONS,§ M.D. 
(From the Department of Bacteriology and Immunology, Harvard Medical 
School, Boston) 
PLA~S 88 TO 90 
(Received  for  publication,  January  20, 1964) 
Although the fact that plasma cells,  or plasmocytes to use present day 
nomenclature, synthesize  antibody is reasonably certain,  the origin  and life 
history of these ceils is less well established. 
Many of the early students of inflammation (see Downey for review, reference  7) 
concluded  that small or medium lymphocytes transform directly into mature piasmo- 
cytes, and this view has prevailed unchallenged  until recently (Sundberg,  reference 
34). In her classic study of antibody formation in cultures of surviving tissues, Fagraeus 
(9)  emphasized  the  association  of  antibody  synthesis  with  a  large  cell  having 
a  pyroninophilic  cytoplasm, which  she  called  a  "transitional  cell."  Marshall  and 
White  (18) described  a  series of cells beginning with an "activated reticular cell," 
which passed through a primitive form like the transitional cell before they developed 
into immature and mature forms of plasmocytes. Leduc, Coons, and Colmolly  (14) 
demonstrated specific antibody in this series by immunofluorescent  techniques,  and 
reported frequent mitoses. Orderly transitional forms from reticular cells to plasmo- 
cytes were also demonstrated by Thi6ry (35) and by Bernhard and Granboulan (2). 
The latter pointed out that the ultrastructure of the developing plasmocytic family, 
with  its elaborate endoplasmic reticulum,  is quite  unlike  that of the lymphocytic 
series. It thus appeared that the mature plasmocyte represents the differentiation of 
a cell line with a function as well defined and specific as that of the erythrocytopoietic 
series. 
Doubt was thrown on this generalization,  however, by the reports of Dixon, Weigle, 
and Roberts (5, 24).  They carried out a series of experiments in which lymph node 
cell suspensions from donor rabbits, previously injected repeatedly with bovine serum 
albumin, were infiltrated  into  normal x-rayed rabbits.  The recipients immediately 
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thereafter received an intravenous injection of the antigen. On subsequent days the 
sites of cell deposition were removed and examined histologically and by immuno- 
fluorescence (Neil and Dixon, reference 21). During the 8 days following the transfer, 
immature and mature plasmocytes containing antibody were found in large numbers. 
Moreover,  the result was the same  whether  the  transferred  cell suspensions were 
prepared from nodes (90 per cent lymphocytes) or from peritoneal exudates (75 per 
cent macrophages). Since these authors only rarely observed mitoses, they concluded 
that plasmocytes arose by direct transformation from both lymphocytes and macro- 
phages. 
Subsequently  Sainte-Marie  (25,  13)  reported  that  the  immature  forms  of  the 
plasmocyte family in mediastinal lymph nodes of the rat have a  mitotic index of 7 
per cent. His evidence indicated that this cell line undergoes an orderly differentiation 
from largest to small mature plasmocytes in about 8 generations. Thereafter, Schooley 
(31) and Nossal and M/ikel~ (22, 15) reported the incorporation of tritiated thymidine, 
indicative of DNA synthesis, into plasmocytes of rats, with doubling times of about 
12 hours. Baney, Vazquez, and Dixon (1) repeated the earlier transfer experiments in 
rabbits, using tP-thymidine, immunofluorescence, and colchicine to study the changes 
in the cell population. By these means they found that the large majority of plasmo- 
cytes seen during an anamnestic response are newly formed, arising by mitosis from 
precursors following antigenic stimulation,  and  not  by a  change  in  morphological 
configuration from lymphocytes. Zlotnick, Vazquez, and Dixon (40)  determined the 
mitotic indices of such cells 2 hours after colchicine administration, finding values of 
24 per cent for large and medium plasmocytes by the 3rd day after stimulation; these 
cells contained antibody. Recently Urso and Makinodan (37) have also confirmed the 
increased multiplication of cells forming antibody. 
The present work was undertaken to repeat the experiments of Dixon et 01. 
(5) with node suspensions, using the method of quantitative histology worked 
out previously by Sainte-Marie and Leblond (29, 30) to study the dynamics of 
cell proliferation and differentiation of the plasmocyte line. 
Materials and Methods 
Donor Rabbits.--Forty-eight  male albino rabbits of 2 kg each were immunized  with 6 
injections of crystalline bovine serum  albumin  (BSA)  (Armour  Pharmaceutical Company, 
Kankakee, Illinois) as outlined in Table I. Ten days after the last injection, on the 35th day, 
the anti-BSA level of their serum was determined  1 by the passive red cell hemagglutinafion 
method of Stavitsky (33). The  12 animals with highest fiters (Table II) were selected as 
donors of the cells to be transferred 7 days later on day 42. (The antibody titers of a group 
of similar rabbits did not fall appreciably between  the 35th and the 42nd day, as sho~m in 
Table III.) 
Revlpient  Rabbits.--Two  days before  the proposed  cell transfer the recipients,  24  male 
albinos, were irradiated, each receiving an overbody dose of 400 roentgens  by the following 
means: Phillips Company,  model TU-1, 250 KV (constant potential), 15 ma; 0.5 mm Cu,  1 
mm A1 (HVL 1.7 mm Cu); 50 cm target focal distance without del Regato. Each rabbit was 
I We are grateful to Dr. Thomas F. O'Brien and to Miss Elizabeth Smithers for carrying 
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placed in a lucite tube, and 200 r was administered to one fide. Then the tube was turned 180  ° 
and 200 r  was administered to the other side.  Two  days later,  12  of  these  animals  were 
employed as recipients.  2 
Call Transfer.--The preparation of the cell suspensions was carried out by the method of 
Roberts and Dixon  (23),  but with Eagle's tissue culture medium  (8)  containing 1 per cent 
rabbit serum. 
Both poplfteal nodes and 2 mesenteric nodes were removed aseptically from each donor; 
the tissue was handled with sterile precautions throughout. The nodes were placed in an iced 
Petri dish containing a  small amount of suspending fluid. The fat was dissected off, and the 
node was held against the bottom of the dish with fine forceps. Cells were liberated from the 
TABLE  I 
Experimental  Procedure 
Day of experiment  Mode of injection  Site of injection of BSA  Dose of BSA 
Treatment of Donor Rabbits 
1 
2 
3 
4 
5 
25 
25 
35 
42 
subc. 
i.v. 
subc. 
i.V. 
Each hindfoot-pad 
Back caudal region 
Each thigh 
Back caudal region 
Ear 
Back caudal region 
Ear 
Determination of anti-BSA antibody titer 
Removal of lymph nodes 
mg 
5 
10 
10 
20 
80 
20 
50 
Treatment of Recipient Rabbits 
40  Irradiation of recipients 
42  Cell transfer 
node by gentle continuous raking with a  piece of 60-mesh stainless steel screen held in a 
hemostat. This procedure produced mostly single cells, although some fragments were present. 
The cell suspension  and fragments  were  filtered through  a  40-mesh stainless steel screen 
over a  Gooch crucible. The material remaining on the filter was raked again, and fresh sus- 
pending medium was poured over the filter to wash off cells. The combined filtrate was re- 
filtered through a double layer of 60-mesh tantalum gauze. The final filtrate was collected in a 
polyethylene tube and stored in an ice bath until use. 
Cell concentration in the final filtrate was determined in a hemocytometer. Viability was 
estimated by addition of 0.2 per cent trypan blue to the medium. Those cells into the nucleus 
of which the dye penetrated were classified as dead; the percentage so classified did not exceed 
20 per cent, and it consisted predominately of fibroblasts and reticular cells. 
A  15 ml cell suspension, prepared from a  single donor and containing 500,000,000  viable 
2 Irradiation  was  performed  by  Dr.  C.  J.  D'Angio of  the  Children's Medical  Center, 
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cells, was infiltrated under the abdominal skin of each recipient. An additional 0.5 to 1 ml was 
injected subcutaneously just distal to the left popliteal region.  Immediately after the transfer, 
each recipient received intravenously 0.2 ml of saline containing 1.5 mg BSA. 
Each such complete operation of cell transfer lasted about 90 minutes. 
Two recipients were killed on each of the 6 days following cell transfer. All animals were 
TABLE II 
Anti-BSA Antibody  Titers of Donor Rabbits 35 Days after Beginning of Immunization and of 
Recipient  Rabbits on Successive Days  after Call Transfer 
Rabbit No. 
18-90 
18-92 
18-74 
18-75 
18-81 
18-83 
18-84 
18-86 
18-65 
18-66 
18-70 
18-71 
Donor* 
Titer on 35th day 
1/80,000 
320 
160,000 
320,000 
160,000 
160,000 
80,000 
1,280,000 
160,000 
320,000 
160,000 
40,000 
Rabbit No. 
19-82 
19-83 
19-73 
19-75 
19-76 
19-77 
19-78 
19-79 
19-67 
19-68 
19-69 
19-70 
Recipient* 
Day after transfer  Titer of anti-BSA 
0 
0 
0 
0 
0 
0 
0 
2560 
5O0O 
I0,000 
1280 
2560 
* Each donor-recipient pair is on the same line. 
TABLE III 
Anti-BSA Antibody in Rabbits 35 and 4g Days after Beginning of Immunir~tion  as in Table 1 
Rabbit No.  Titer on 35th day  Titer on 42nd day 
18-99 
19-00 
20-62 
20-66 
20-67 
20-68 
20-69 
20-70 
1/40,000 
160,000 
40,000 
320,000 
20,000 
80,000 
40,000 
80,000 
20,000 
160,000 
40,000 
80,000 
10,000 
80,000 
40,000 
80,000 
sacrificed  at the same time of day, lest diurnal variations in mitotic activity introduce a bias 
into the results (19). At the time of sacrifice, blood was drawn for titration of antibody (Table 
II). Two pieces of abdominal skin and subcutaneous tissue at sites of cell deposition, the left 
popliteal node draining an area of cell deposition, and a control mesenteric node were also re- 
moved from each rabbit. 
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for the detection of antigen and antibody by immunofluorescence, according to techniques 
previously described, by Coons et o2.  (4),  Sainte-Marie (30), and McDevitt et a/.  (20). The 
other half was fixed to study the evolution of the cell population at sites of cell deposition 
and in the draining nodes, and to count mitoses in the plasmocytic series. 
Fixation and staining are of critical importance in determining the mitotic indices of cells 
of the lymphatic tissues, particularly in the recognition of the early prophase, and, in smaller 
more mature cells,  the metaphase as well.  For this purpose, the fixation and staining was 
that used by Sainte-Marie and Leblond (29, 27); this consisted of fixationin Bonin-Hollande  8 
solution (11) and staining by the Domlnici  4 method (6). The Dominici stain also makes it 
much easier  to distinguish the cells of the plasmocytic line, because it stains the cytoplasm 
of developing plasmocytes a characteristic dark purplish hue; the cytoplasm of lymphocytes 
appears pale blue. 
The tissues were  fixed  in  Bouin-Hollande for 2 days,  soaked  overnight in 70 per cent 
ethanol, dehydrated in graded alcohols, cleared in xylene, and embedded in paraffin.  Sections 
as thin as practicable were cut (for the critical skin sections, this was,  unfortunately, 7 #). 
The tissue sections were then deparaflSnized, hydrated, and stained as follows: eosin-orange 
solution, 6 minutes; rinse; toluidin blue solution, ~  to 2 minutes; rinse and dehydrate quickly 
in absolute alcohol,  pass briefly through absolute alcohol-xylene  (1:1), clear in xylene, and 
mount. The difficulty encountered with this method arises from the fact that the stains may 
be washed out of sections during dehydration. This difficulty can be prevented by adding a 
few crystals of each of the three stains to the alcohol and alcohol-xylene baths. 
Cell Counts.--The resting and dividing cells of the plasmocyte series were  classified into 
three types, depending on nuclear size, as described for rat plasmocytes by Sainte-Marie (27). 
"Large  plasmocytes" were  hence defined as  those  with  a  nuclear diameter  above  5.9 #, 
"medium plasmocytes" those with a  nuclear diameter between 4.6 and 5.9 #, and "small 
plasmocytes" those with a nuclear diameter below 4.6 #. Photographs of mitosis of these cells 
are published elsewhere (27). 
The number of resting and mitotic cells of each of the three defined types of plasmocytes 
were counted and recorded separately for each rabbit (Table IV). These counts were made by 
systematic scanning of skin sections from sites of cell deposition at X  1500. 
RESULTS 
Typical findings in the  material  stained for  antigen and  antibody will  be 
described first, followed by the serial alterations of the cell population at sites 
of cell deposition. 
Immunofluorescent  Histology 
A.  Donor  Rabbits.--A  cross-section of a  typical popliteal lymph node from 
a  donor  rabbit  on the  day  of  cell transfer  showed  84  ceils  which  contained 
specific antibody and could be classified into 5 large, 13 medium, and 66 small 
plasmocytes. In general, they were scattered, but occasionally fell into groups. 
8 Bouin-Hollande  fixative: neutral cupric acetate [Cu(C2HaO2)2.H20],  37.5 gin; picric acid, 
60 gin; neutral formalin (40 per cent formaldehyde), 150 ml; distilled water, 1500 ml. To each 
100 ml, add before use: acetic acid,  1.0 ml; tfichloracetic acid, 0.5 gin. 
4 Dominici stain. Eosin Y-orange G solution: eosin Y, 2.5 gin; orange G, 2.5 gin; distilled 
water to make 500 ml. Toluidin blue solution: toluidin blue, 2.5 gin; distilled water to make 
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There were also, in a  germinal center, 3 cells, apparently large lymphocytes, 
with a moderate intensity of fluorescence. 
In some of the sinuses (Fig.  1),  lymph vessels, and small veins, and, to a 
lesser  degree, in small arteries of the node, there were amorphous masses of 
plasma, precipitated by the fixative, which stained for antibody. Small vessels 
in the fat outside the node had the same appearance.  This is interpreted as 
circulating antibody. 
The cytoplasm of cells forming the walls of the sinuses showed numerous 
fluorescent granules of various sizes.  The surface of these cells  was irregular 
because of fluorescent cytoplasmic buds. Antibody also appeared, often in the 
form of fine granules, in the cytoplasm of small lymphocytes present in lym- 
phatic and blood vessels (Fig. 2). 
No antigen was detectable inside cells, although faint staining perhaps  rep- 
resentative of antigen was sometimes seen in the vessels,  possibly  indicating 
the presence of antigen-antibody complexes. 
B. Recipient Rabbits.-- 
1.  First Day after Cell Transfer.- 
Skin at site of cell deposition: Many transferred cells degenerated within a 
few hours of their injection into the recipient. This resulted in the formation of 
a  mass  of pyknotic nuclei, which fluoresced non-specifically. No  specifically 
stained plasmocytes could be identified in this mass and none was seen in its 
vicinity. 
Popliteal lymph node: No antigen or antibody was detected. 
2.  Second Day after Cell Transfer.- 
Skin at site of cell deposition: In sections stained for antibody or antigen a 
fainter, non-specifically fluorescent, but otherwise similar mass of degenerating 
nuclei was found as above. Progressively paler fluorescence of this mass was 
seen in sections from later days and will not be mentioned further. In sections 
stained for antigen, no stained cells were seen. In sections stained for antibody, 
however, fluorescent cells were seen between hair follicles, in connective tissue 
of the dermis, in adipose tissue, and between the muscle fibers of the abdominal 
wall. Most of the cells containing anti-BSA antibody had the appearance of 
large plasmocytes, the remainder that of medium or small plasmocytes. 
Popliteal lymph node: Groups of large stained cells similar to those described 
above were seen in what appeared to be a  medullary cord within one node. 
The remainder of the node was negative. 
3.  Third Day after Cell Transfer.- 
Skin at site of cell deposition: Although the sections stained for antigen showed 
no fluorescent cells, cells stained specifically for antibody (Figs. 3 and 4) ap- 
peared  more  numerous in  3rd  day sections  than in  2nd  day sections.  Pale 
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their staining was restricted to the cytoplasm, which appeared faintly stained, 
often in the form of fine granules, except for a  region corresponding to the 
Golgi zone which was brightly fluorescent (Figs. 8 and 9). In addition, brighter, 
more mature, medium plasmocytes were seen, and accounted for about half 
of the stained cells. As indicated previously, the stained cells were scattered in 
the vicinity of the degenerating cell mass, with a  tendency to  group around 
blood vessels,  mainly veins (Figs. 3, 4, 8  to 11). 
Popliteal lymph node: The picture resembled that of the skin, the stained cells 
being more abundant and brighter than in the node from the 2nd day; about 
half of them were large, and the other half medium or small plasmocytes. These 
cells  were grouped in the sinuses and medullary  cords and occupied a  large 
area of the node (Figs. 5 to 7,  10 to 13). 
4.  Fourth Day after  Cell  Transfer.- 
Skin at site of cell deposition: The findings were comparable to those on day 3 
except that brightly stained mature small plasmocytes had become dominant. 
In their vicinity connective tissue fibers stained brightly for antibody. As on 
previous days, mitotic nuclei were seen in cells containing antibody, but photo- 
graphed poorly because of the thickness of the skin sections. However, mitotic 
figures in similar cells have been published elsewhere (Sainte-Marie, reference 
26, Baney et al., reference 1, and Urso and Makinodan, reference 37). 
Popliteal lymph node: A third to a half of the cells in a  whole node section 
stained positively for antibody. The node resembled that of a rabbit manifesting 
a brisk secondary response to BSA. As in the skin, the small plasmocyte had 
become the dominant plasmocyfic cell type. Moreover, bright stained granules 
of various sizes were visible in the sinuses as well as in the reticuloendothelial 
cells  of their walls. The appearance of these sinuses was similar to that de- 
scribed for the donor animal on the day of cell transfer (Figs. 12 and 13). 
5.  Days 5 and 6 after Cell Transfer.- 
Skin and popliteal node: Both tissues were like those of day 4 except that the 
number of small plasmocytes had increased while large and medium plasmocytes 
persisted. Also increased was the staining intensity for antibody of connective 
tissue fibers of the skin. Corresponding sections stained for antigen were nega- 
tive. Finally, similarly stained sections of either normal untreated rabbit tissues 
or  of  the  control mesenteric  nodes  of  recipient  animals  remained negative 
throughout the experiment. 
6.  Titrations.--Antibody  titrations  indicated  good  responses  on  the  4th, 
5th, and 6th days (Table II). This parallels the results of Roberts and Dixon 
(23): they found antibody on the 5th day, using a  less sensitive technique. 
Standard Histology 
1.  Day I  after Cell Transfer.- 
Skin at site of cell deposition  (Figs. 14 to 17): This site contained a mass of 750  MITOSIS IN PLASMOCYTES 
degenerating nuclei of predominantly lymphocytic character. The proportion 
of transferred cells degenerating en masse was estimated to vary from a quarter 
to a half. Within and around this mass, as well as in the adjacent connective, 
adipose, and muscular tissues, healthy looking cells of various types (lympho- 
cytes and occasional large, medium, and small plasmocytes) were present. In 
the latter tissues the cells were scattered, but showed a tendency to aggregate 
around and along blood vessels, mainly veins, thus forming perivascular cuffs 
of cells.  Such cells also congested the local blood and lymphatic vessels, while 
many were undergoing diapedesis through their walls. Mitoses of ptasmocytes 
as well as of lympbocytes were seen occasionally. 
Numerous neutrophiles had accumulated within blood vessels, were under- 
going diapedesis through the walls of these vessels, or had formed cuffs around 
venules and  veins  and  were  scattered  throughout  the  extravascular  tissues. 
The nuclei of fibroblasts often appeared rounded, while their cytoplasm, better 
outlined than usual, exhibited a blue hue. Free macrophages or monocytes were 
present  together with many intermediate forms between these  cells and the 
transforming fibroblasts. 
Popliteal  lymph  node:  These irradiated nodes appeared almost  completely 
depleted of lymphocytes and contained only a few plasmocytes. Small groups 
of lymphocytes of various types were seen in some sinuses, however, as well as 
in other node areas. 
2.  Day 2 after Cell Transfer.- 
Skin at site of cell deposition: The picture was compara~ble to that on day 1, 
but  differed as follows: The fibroblasts showed still more rounded nuclei,  a 
better outlined and basophilic cytoplasm, and, at times, were in mitosis. Many 
of the more abundant  free macrophages  contained phagocyted degenerating 
lymphocytes or neutrophiles. Indeed, at least half of the invading neutrophiles 
had now undergone degeneration, and neutrophilic granules as well as pyknotic 
granulocyte nuclei were seen in the macrophage cytoplasm. 
Generally,  lymphocytes and  plasmocytes  were  found in  separate  clusters 
often located around or near blood vessels. Many such clusters were composed 
of large-sized cells of either the lymphocytic or the plasmocytic series; others 
were of medium-sized cells predominantly.  Clusters  of both series contained 
cells  in mitosis.  Finally,  the  endothelial cells  of small blood vessels also  ex- 
hibited mitotic activity. 
Popliteal  lymph  node:  Sections  appeared  like  those  of  day  1  except  that 
lymphocytes and plasmocytes of various types were more numerous. 
3.  Days 3  to 6  after Cell  Transfer.- 
Skin at site of cell deposition (Figs.  18 to 20) : The findings resembled earlier 
ones but varied with the passage of time in the following way: the persisting 
mass  of  degenerating  cells  diminished  in  size  progressively.  In  its  vicinity, 
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while  the  rounded nuclei contained  larger  nucleoli  than  usual and  were oc- 
casionally  in  mitosis.  Neutrophiles  became rare  and  their  phagocytosis  by 
macrophages less frequent. The actively proliferating lymphocytes were more 
numerous and tended to form nodules like those of lymphatic organs.  Within 
these nodules,  lymphocytes were of various types and pale reticular cells like 
those in lymph nodes could be observed. Plasmocytes still divided actively and 
increased in number,  and with  time the small plasmocytes became the pre- 
dominant plasmocytic type. Generally, the plasmocytes appeared clustered in 
rows along blood vessels, mainly veins.  This arrangement resembled the struc- 
ture of lymph node medullary cords in immune animals. 
In a section from day 4, a cluster of numerous small plasmocytes was seen 
with most cells in mitosis.  Also on day 4, degenerating small plasmocytes with 
pyknotic or lysing nuclei were found. These degenerating forms became more 
abundant later (Table IV). Starting on day 4, small plasmocytes with Russell 
bodies were also detectable. 
Popliteal lympk node: With the passage of time, the node was progressively 
repopulated with various lymphocytes and plasmocytes. Plasmocytes showed a 
tendency to occupy the medullary cords, and lymphocytes showed a tendency 
to group in nodules at the periphery of the organ.  However, the appearance of 
such a repopulated node was not completely like that of a normal node. The 
plasmocytes showed numerous mitotic figures,  and,  within  their population, 
the three defined types seemed to vary in the same proportion as in the skin 
at sites of cell deposition of the corresponding  day. 
Cell Counts 
The results of the experimental cell counts are presented in Table IV (upper 
part).  This table also records (lower part)  a  small  series of similar counts of 
cells transferred to irradiated rabbits from nodes of non-immune donors. Table 
V records the proportion of each of the three types of plasmocytes in the plas- 
mocyte population on various days following  transfer. 
The data (Table IV, upper part) indicate that the mitotic activity of large 
and medium plasmocytes remained quite steady throughout the 6 days. Fur- 
thermore, although the absolute number of large cells appeared to drop between 
days 4 and 5, the number of medium-sized plasmocytes increased during these 
2 days. The mitotic index of the small plasmocytes reached a maximum around 
day 3,  and  thereafter  decreased progressively. Following  this period of high 
mitotic activity, the small plasmocytes, chiefly small ones, appeared and became 
progressively more abundant. Hence, the over-all data reveal a wave of mitotic 
proliferation which,  passing through progressively more mature plasmocytes, 
leads to the formation of abundant small plasmocytes that eventually undergo 
degeneration. 
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averaged 11 per cent. The generation time for these cells can be calculated by 
the following equation for an exponentially  increasing population: T  -  0.693  t___ ~ 
M  ' 
where T is the generation time or life span, M,  the mitotic index (in this case 
0.11),  t~,  the  duration of mitosis  (32).  When t~  =  1 hour, T  =  6.3 hours. 
With such turnover rates,  the  eight generations calculated by Sainte-Marie 
(13,  28) for the plasmocytic line would require only 50 hours. 
On the same basis the control cell population of unstimulated transferred 
cells, with a mean mitotic index of 8 per cent for the large and medium plasmo- 
cytes, had a turnover time of 8.7 hours. 
TABLE V 
Percentage of Large, Medium,  and Small Plasmocytes in Recipient Rabbits at Site of Deposition 
of Node Cells 
Source of  cells 
Immunized donor rab- 
bits 
Normal donor rabbits 
Type of 
plasmocyte 
Large 
Medium 
Small 
Large 
Medium 
Small 
1 
per cenS 
42 
32 
25 
Days after cell transfer 
----L.,  ,.L 
48  I  34 
26  ]  33 
26  33 
44 
24 
31 
4 
per r~. 
12 
33 
55 
47 
28 
25 
5 
per cent 
4 
12 
84 
29 
38 
33 
per ¢¢~t 
5 
12 
83 
33 
25 
42 
DISCUSSION 
Using tritiated thymidine, Schooley (31) and Nossal and Miikel~ (22)  have 
estimated the generation time of plasmocytic cells during an antibody response 
in mice and rats. On the basis of the time required to reduce the grain count 
over the nuclei to one-half, they both found that stimulated immature lympho- 
cytic and plasmocytic cells had a generation time of about 12 hours. A similar 
value was reported by Capalbo et al. (3) and by Urso and Makinodan (37),  in 
studies with trifiatedthymidine. For  unstimulated lymphocytic and  plasmo- 
cytic populations, on the other hand, they estimated the turnover time to be 
24 hours. A 14 hour generation time had also been calculated by Sainte-Marie 
(25,  28)  for  immature plasmocytes of the  mediastinal lymph nodes  in  un- 
stimulated rats on the basis of their mitotic index (7.25 per cent) and of a  1 
hour  mitotic  duration.  (For  some  actual  measurements  of  the  duration  of 
mitosis, see Mazia, reference 19.) 
Estimates have also been based on the rate of doubling of the antibody con- 
centration in the circulation. For example, curves of the rise in antibody with 754  MITOSIS  IN  PLASMOCYTES 
time after injection of an antigenic stimulus into irradiated  mice,  recipient of 
isologous normal  cells, have been published by Makinodan a  al.  (16).  These 
give a  doubling time for antibody of 11 hours for primary and  10 hours for 
secondary responses.  Uhr et al.  (36) found doubling times in the antibody con- 
tent of the plasma in guinea pigs of 8 to 15 hours with an average of 11 hours. 
Ingraham  (12) has reported (in abstract) doubling times for antibody con- 
centration,  during anamnestic responses  in the rabbit, of 3.3 to 10 hours. He 
suggested that this was too rapid for cell division  but might be due to an in- 
crease in the efficiency of each antibody-synthesizing cell. Urso and Makinodan 
(37) suggested increased numbers of antibody-producing units in each cell as an 
explanation.  This explanation appears a  likely one for there are clearly more 
ribosomes in  more mature  than  in  less  mature  plasmocytes (Bernhard  and 
Granboulan,  reference  2).  However, it should be noted that  a  doubling time 
of only 6 hours was found here for immature plasmocytes. 
Using  tritiated  thymidine,  Baney, Vazquez,  and Dixon (1)  repeated their 
earlier  cell transfer experiments and confirmed  Sainte-Marie's and Schooley's 
observations on multiplication in the plasmocyte family. They also observed 
antibody in cells which had taken up thymidine, thereby showing division of 
the  antibody-producing line  of cells.  One of their photographs  shows a  col- 
chicine-poisoned  cell, in which the floating  chromosomes  are outlined by the 
immunofluorescence  of cytoplasmic antibody. Similar  observations have been 
reported by Urso and Makinodan (37), who found anaphases or metaphases in 
7 per cent of cells containing  antibody. 
Thus, there is now overwhelming  evidence of the importance of cell multipli- 
cation and differentiation in the synthesis of antibody, as suggested by Leduc 
et al. in 1955 (14). There is also little doubt that once differentiation has begun 
the plasmocytes form a  cell line distinct from cells of the lymphocytic series. 
The pattern of growth and differentiation of the plasmocytic line is now clear, 
at least in outline.  What is not definite  is its origin and its fate. 
The origin  of the most immature or largest plasmocytes from the reticular 
cell has been strongly suggested by Marshall and White (18) and further docu- 
mented by studies  of morphological  transitions  by Thi6ry  (35),  Fresen and 
Wellensiek (10), and by Bernhard and Granboulan (2). Such origin is consistent 
within the findings reported in cell transfer experiments.  Indeed,  Roberts and 
Dixon  (23)  and  Dixon,  Weigle,  and  Roberts  (5),  reported  the  presence  of 
"reticuloendothelial" cells in their suspensions.  Zlotnick, Vazquez,  and Dixon 
(40) specifically reported 1 per cent of reticular cells in suspensions from rabbit 
nodes in transfer  experiments. Hence, considering  the presence of these cells 
and of their immediate progeny, the specific large plasmocytes, as well as the 
high rates of plasmocytic proliferation found in various experiments, there is no 
difficulty in concluding  that the numerous mature small plasmocytes found on 
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present on the 1st day. Indeed, with an average generation time of 12 hours, 
each immature competent cell present on the 1st day would undergo, during 
the first 3 days, a  series of six to seven divisions  yielding 64 or  128 mature 
small plasmocytes on day 4, figures which agree with present results.  What is 
more difficult to explain is the finding of Nossal and Mtikel~ (22) that, in their 
experiments,  no reticular cells showed  evidence  of DNA synthesis, whereas 
within 2 hours after administration  of HS-thymidine, numerous "large lympho- 
cytes" had been labeled. Moreover,  on each of the succeeding days of the ex- 
periment labeled large lymphocytes were found, though with decreasing grain 
count. These data can be reconciled with the theory that the reticular cell is 
the source  of the plasmocytic cell line, if one assumption is made: that the 
reticular cell alters its morphology to become an activated reticular cell, with 
basophilic cytoplasm, as it enters a mitotic cycle; thus it would become labeled 
with tritium only after it had assumed the appearance  which led Nossal  and 
M/ikelii (22) to classify it as a large lymphocyte. In addition, it is possible that 
some of these large cells continue for a time as stem cells. If they do not, it is 
difficult to explain their presence, labeled, throughout the 4 days of the experi- 
ment. Reticular cells do not become labeled in such an experiment because they 
multiply too slowly;  Sainte-Marie  and Leblond (29, 30)  recorded  a  mitotic 
frequency of 1.5 per cent for reticular cells in the rat thymus, which indicates a 
generation time of 67 hours. 
The fate of the mature small plasmocyte is still uncertain, although the recent 
evidence of Schooley (31) suggests that its life in the lymph node is short. In 
his  experiment  on  steady state  antibody formation induced by antigen in 
Freund's adjuvant, he found 80 per cent of the mature plasma cells labeled 
with HS-thymidine 8 hours after its injection, indicating an average persistence 
in the node of 8 to 12 hours. Wissler et al.  (39) reported the disappearance  of 
plasmocytes from the stimulated rat spleen by the 8th day. They suggested 
that mature plasmocytes might transform into small  lymphocytes. On  the 
other hand, Makinodan, Ruth, and Wolfe (17) long ago reported that vacu- 
olated and pyknotic, presumably degenerating,  plasmocytes appeared in the 
spleen of chickens on the 5th and 6th day after antigen injection.  At the site 
of transfer in our experiment, the numbers of disintegrating mature plasmocytes 
on the 5th and 6th day increased strikingly as recorded in Table IV. Despite 
this evidence of their death in the peculiar surroundings  of a homograft, how- 
ever, normally some plasmocytes may survive,  or migrate, or transform. It is 
clear from all the data cited, including  our own, that the mature plasmocyte 
does not multiply at rates comparable  to those which led to its differentiation. 
This is about as much as can be said on the present evidence. 
The presence of antibody in the Golgi zone is of interest. It has previously 
been noted by Urso and Makinodan (37), who have photographed "cytoplasmic 
islands." Recently, Warshowsky et aL (38) have been able to trace, by means of 756  MITOSIS  IN  PLASMOCYTES 
H3-amino acid incorporation, newly-formed protein in the acinar cell  of the 
pancreas,  a  celt  much like the plasma  cell  in structural  organization. They 
found that protein first appeared  in the ergastoplasm, then migrated to the 
Golgi zone, whence it was released to the cytoplasm for excretion. In the case of 
the pancreas, the process was completed in about 1 hour. 
SUMMARY 
Cells  from lymph nodes of rabbits  injected repeatedly with bovine serum 
albumin were transferred subcutaneously to previously irradiated rabbits, and 
the recipients were immediately injected with bovine serum albumin. A good 
antibody response resulted. In a series of such animals killed on successive days, 
skin samples at sites of cell deposition were removed and examined by immuno- 
fluorescence and by light microscopy. In these tissues abundant plasmocytes 
were found to have multiplied and differentiated in a regular progression from 
immature, to medium, to mature plasmocytes. During the 6 days of the ex- 
periment the small plasmocytes accumulated until they reached 85  per cent 
of the total plasmocytic population. 
The mitotic index of the large and medium plasmocytes averaged II per cent, 
implying a generation time of 6.3 hours on the basis of a  I hour mitotic time. 
This rate of growth is sufficiently rapid to account for all the plasmocytes on 
the 6th day as deriving from less than I  per cent of the population initially 
transferred. This rate and the orderly progression in the evolution of the plas- 
mocytic population, make it highly improbable that plasmocytes arise from 
transformation of  lymphocytes,  but  rather  indicate  that  they spring  from 
specific precursors already present among the transferred cells. 
It is a pleasure to acknowledge our gratitude to Mr. Leonard Pollard and  Miss Grete Aas 
for skilled and devoted technical help. 
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EXPLANATION OF PLATES 
PLATE 88 
FIG. 1.  Popliteal lymph node from a  donor rabbit immune to BSA and sacrificed 
on the day of cell transfer. Anti-BSA antibody is present either within the cytoplasm 
of the reticuloendothelial cells forming the wall of a  sinus or on the surface of these 
cells. About ×  250. 
FIG. 2.  Portion of a  lymph vessel in  the adipose tissue surrounding the node in 
Fig.  1.  The arrows point to small lymphocytes within the vessel, their thin rim of 
cytoplasm showing anti-BSA antibody. Antibody is also present within the walls of 
the vessel. About ×  1000. 
FIG. 3.  Skin at site of cell deposition in  a  recipient rabbit sacrificed on  3rd  day 
after cell transfer. Plasmocytes containing anti-BSA antibody are seen between hair 
follicles, which are autofluorescent. About ×  250. 
FIG. 4. Same as Fig. 3, except that here  the  specific plasmocytes are seen  in  the 
vicinity of blood vessels of the dermis (see Fig. 8 for enlargement). About ×  250. 
FIG. 5. Popliteal node from a recipient rabbit sacrificed on 3rd day after cell trans- 
fer. In such rabbits, transferred cells had been injected subcutaneously in the thighs 
away from the draining popliteal node. Many plasmocytes containing anti-BSA anti- 
body are seen in the node, indicating a cell migration from site of cell deposition into 
the draining node. About X  500. 
FIG. 6. Same as Fig. 5, but from a recipient rabbit sacrificed on 4th day after trans- 
fer. The letter L is at right of a large, and the letter S  at right of a small plasmocyte; 
the latter has a  much smaller nucleus (nuclei appear here as dark areas surrounded 
by a rim of fluorescent cytoplasm). About X  500. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  119  PLATE  88 
(Sainte-Marie and Coons: Mitosis in plasmocytes) PLATE  89 
FIG.  7.  Same as Fig. 6,  except that  here anti-BSA  antibody  is  also  detectable  in 
granules of various sizes either within or on the surface of the reticuloendothelial cells 
lining the walls of lymph sinuses (LS). About  ×  1000. 
FIo.  8.  Enlargement  of part  of  Fig.  4.  The letters  L, M,  and  S  are  at  right of a 
large,  medium,  and  small  plasmocyte,  respectively.  The  latter  cell shows  a  nuclear 
diameter about half that of the large plasmocyte. Most large and medium p]asmocytes 
show a small amount of antibody, whereas the few smallest plasmocytes contain more 
as  revealed  by  their  brighter  cytoplasmic  fluorescent  staining.  In  those  cells  with 
little  antibody,  it  is  present  around  the  nuclear  membrane  and  in  the  Golgi zone, 
which appears  as a  bright sphere close to the nucleus.  About  X  500. 
FIG. 9.  Four cells containing various amounts of anti-BSA antibody  seen at a  site 
of cell deposition in a  recipient rabbit sacrificed on the 3rd day after the transfer. The 
arrow points to a medium plasmocyte with a brightly fluorescent Golgi zone, indicating 
a  concentration  of antibody  in  this  zone.  Antibody  is also  visible along  the  nuclear 
membrane, appearing as a faintly fluorescent thin line. About  X  1000. 
FIG.  10.  The  arrow  indicates  a  medium  plasmocyte  in  a  popliteal  node  from  a 
recipient  rabbit  sacrificed  on  3rd  day  after  transfer.  In  this  cell,  the  Golgi zone  is 
brightly stained and the nucleus is outlined by a fine bright fluorescent line. About  X 
1000. 
FIG.  l l.  Same  as  Fig.  10,  but  showing  more  and  different  sizes  of  plasmocytes 
containing  anti-BSA  antibody.  A  brightly  fluorescent  Golgi zone  is  seen  in  several 
cells,  at  times  within  a  nuclear  indentation  (arrows).  In  the  large  plasmocyte  (at 
left of L), as well as in others,  the nuclear outline again appears  as a  thin  fluorescent 
line. About  X  1000. 
Fro.  12.  Same as  Fig.  10,  but  from  a  recipient rabbit  sacrificed  on  4th  day  after 
transfer.  A large plasmocyte (L)  is seen with a  prominent Golgi zone containing anti- 
body and  a  faint staining at the nuclear outline.  About  X  1000. 
Fro.  13.  Same  as  Fig.  12.  Many  medium  (M)  and  small  (S)  plasmoeytes  with 
variable amounts of antibody are seen.  About  X  1000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  119  PLATE  89 
(Sainte-Marie and Coons: Mitosis in plasmocytes) PLATE 90 
FIG. 14.  Section at a  site of cell deposition in a recipient rabbit on 1st day after 
cell transfer. As in the following figures, tissue was fixed in Bouin-Hollande  and section 
stained by Dominici. The letter S is at right of a small lymphocyte. The L is at right 
of  a  large plasmocyte with a  nucleus showing a  small and a  much larger nucleolar 
structure. This cell has a well outlined and deeply purple-stained cytoplasm. About 
X 2400. 
FIG. 15.  The L is at right of a large plasmocyte with a nucleus in prophase stage of 
mitosis as indicated by chromosome formation. About X 2400. 
FIG. 16.  Same as Fig.  14.  Metaphase plate in a large plasmocyte showing (L)  its 
deeply purple-stained cytoplasm. About ×  2400. 
FIG.  17.  Skin at  a  site  of  cell  deposition in a  recipient sacrificed  6  hours after 
transfer. Many transferred cells are degenerating as indicated by their pyknotic and 
karyolytic nuclei. The letter S is at right of a small plasmocyte in the late anaphase 
stage of mitosis. About X  2400. 
FIG. 18.  Skin at site of deposition from a recipient sacrificed  on 3rd day after cell 
transfer. The letters, L, M,  and S  refer  to large, medium, and small plasmocytes, 
respectively. The small lymphocyte in the upper right corner has a vacuolated cyto- 
plasm. About ×  2400. 
FIG. i9.  Same as Fig. 18, but showing a large plasmocyte (L) in prophase stage of 
mitosis. Its nucleus shows a single large nucleolus and chromosome formation. About 
X  2400. 
Fro. 20.  Same as Fig. 18. The letter M  is between the two newly formed nuclei of 
a medium plasmocyte in early telophase stage of mitosis. About ×  2400. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 119  PLATE  90 
(Sainte-Marie and Coons: Mitosis in plasmocytes) 